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The Infrared I3ackground Radiance level in the atmosphere above 60 km is
estimated for various si ght conditions using the two exist i ng computer
codes, the FLASH and the DEGGES. The actual computations were made by
using the programs modified from these original codes for improvement of
processing efficiencY .
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INTR ODUCTI ON

Two processes are responsible for causing the background radiation

of the upper earth atmosphere: the atmospheric scattering of the solar

radiation and the natural. emission by the atmospheric constituent gas
molecules.1’2 Two computer programs were developed for theoretical
study of the atmcspheric background radiance level. The FLASH ,~~

6

which was developed by Radiation Research Associates , Inc., Fort Worth ,
Texas, computes the level of the scattered radiation. Its applicability

has not been extensively tested In the Infrared region where the

scattered radiat ion level is significantly low. Degges of Visidyne,

In c . ,  Burlington , Massachusetts, developed a computer program which

produces an estimated level of the molecular emission radiance in the

upper atmosphere.7 The solution produced by the DEGG~~ (we refer to
h i s  progr~un as the DEGGES in this report) covers a spectral region of

~,U0 “ ld)00 cn~
1. The scattering process plays a predominant role In

higher cm ’ range, while the molecular emission dominates the background

radiance level in lower cm 1 
region . Contribution from both processes

is expected to equalize In a range between 3000 cm’~ and 5000 cm’3 . The

present work intends to make a critical study of both programs In this

reg~r~n. Ti is hoped that the results obtained by both programs are

eventually combined in a proper perspective.

This report describes the results which we obtained during the

ri rst stage of our multlyear program. Our main effort during thi s

stage was t~~ modify both programs Into a form readfly adaptable to our

computing fac i l i ty , the CDC 6600 operated under the NOS 1 2 , in

addition to f’wniliarize ourselves with their algorithms. Several 10

operations in the original programs were found rather Inerfielent and

time—consuming. Signi ficant improvements have been achieved in the

overall computation speed by streamlining these inefficient operations .
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A i ~~~~~ (KH 1 C PARAMb~1’~RS

~t ti ’ basic phy:~ics  iuvo1v ~d I n  the scattering and ~hc molecu lar
ott  ~~~~~~~~~ • t r ~ ~~. ‘I  ~ k I I O W V ~ in general .  ~ot1t pi ~g t t m~ • A~~H ~ in t

‘~ .i~ hF~; , tt’ed ~ l ’ : Ir an t t ’t r I  i t ’d kttowlt ’~1ge u t ’ t ho tit mospliore In wh oh

~ se pr ’c~~• tes  take place. i~ome ot
’ the moaphe~r Ic parameters u’t’ ,

at pr so : t t , known o n i~ in  a limited u .racy. it is desirabl e tha t

ho~h programs perform their comput at ions  based on a uni f ied  atmospheric
model by using an Identical  set ~~ the atmospheric parameters, and
rather unfortunate at pres.nt that there exist some dicerepancies iii

thes - parameters used by them . The SPIRE program was planned to
provi de us an impr oved knowledge of these parameters . it is hoped
t hat the  data analysi s  t o  be conducted in this study would eventual ly

• bring t h e i r  improvement .

The temperature profile of the atmosphere assumed In the FLASH
and in the ~~~~~ are different , as shown in Fig. I . The prof i le  may
he of a •tecondary st gnl f i  canoe in the FLASH computat ion , while it is

t o  produce a first—c ’rth ’r effect on the computation by ho DEGGES . No
attempt s have becu made to run both programs using a uni f ied p ro fi l e .

~‘he total gas den si ty  present in each l ayer of the  utmoaphere i s
an important p ar zun eter  wh ic h  a f fects  the accuracy of the  ~‘hAS1t
computation , w h i l e  the data on the  individua l const i tuent  species are
not for t h e  ccsnputat ion ot ’ the upper atmosphere scat ter ing where the
molecular ab so rp t i on  i a negligibly smai 1 correction to t he

scattering comp~it.ation . Fig. .‘ sho ws th i ’ total gas density assumed
til the KLMH calculation . The cht~m1cal composition o~’ oucu species

given ‘ts a t~~t ie t Ion of the a lt itudr’ must he precisely known In order

t c ’ make the DEUUF~ computat i on r ea l i s t i c .  The total git :~ density

a f f e c t s  the DEGilES computation it’  u si gn i f i c a n t  amoun t of the ener~~
t rnns fe r s  between the molecules through collisions, in  the upper
atmosphere the collisional processes affect little to the problem of

the radiat i ve balance. Fig. ~ through Fig. t~ sho ’~. tht’ molecular

density ot’ various species assumed by the  DEGGF.S given as a function

of the a lt i tude.

____- - - •  — ~~~~~~ _________________
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ii
SOLAR IRRAD IANCE

The solar radiation is the primary and the secondary source for

the upper atmosphere background radiation which in originated ei ther
by the scattering or the molecular emission process . The Irradiance
value is a parameter affecting the computation accuracy of both
programs. FI g. 9 and Fig. 10 show the solar irradiance assumed in both
programs given as a unit or watt/cm 2/cm’

~’ and of watt/ cm2ht.
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) Program D ~)J0ES
Most. of tne pertinent Informations for this program are contained

in the final report by Degges, AFCRL-.TR—7 1~-O606 . Even tho ugh the

present version 01’ the DEGGES is somCwhat mothfied from the original ,

the report s t i l l  serves as a veil documented reference. We shal l
mention only the points considered i~port&nt for our study .

The entire program is currently divided into three parts. The

fi rst part (B~ND ) is the hear t of the ent ire  computation. The
integrated band radiance corresponding to various viewing conditions

is comput ed for the major atmospheric Infrared active constituents :
002, 1420, NO , N 20 , CH 14, and O 4~ Table I is a summarized list of the

vibrational levels considered in the computation for these molecules.

The second and third parts are designed U produce the spectral
outputs as a funct ion of the radiance vs . the wavenumber. The
produced r esul t s  are in two main categories :

( 1 ) exoatmospheri c night and day limb viewi ng w i t h  various
tan gent heights ;  and

( 2 )  endoatmosph erlc night and day viewing with various
r e n l t h  angles .

I’igs . 11 throug h ~~t i  ~ u-w the results produced by the DECI U FH . The

spectra shown i n  these f igures  are plotted wi th a spectral resolut i on
I . P & ‘rn~~~, w h i c h  I s  t h e  current l i mit .
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Table l

Vibrational L.evels Included in the DEGGES Computation

CO2
00001 0000 .00 cm

01101 - 667.38
10002 1285 .141

02201 1335.13

10001 1388.19 -

11102 1932 .147
03301 2003 .30
00011 23149.15

10012 3612.814

10011 3714.78

H O2 000 0000.00 cm

010 15914.714

020 3151.63

100 3657.05

001 3755.92

030 14666.72

110 5234.98

011 5331.25

I
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Table I (Continued )

N2
0

0000 0000 .00 cm 1

0110 588.8

0’oOor o22o~ 
1173.0

0310 1758.3

0400or ob2o~ 
2338.5

0001. 2223.5

1000 1285.0

NO .

~ 0 0000.00 cm

v 1  1878.0
v 2  3727.0

0
3

000 000.00 cm

001 10142.1

CH 4
00000000 0000.00 cm~~

H 00000111 1306.2

01100001 1526.0
00011001 3018.14
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Program FLA~11I

The program uses the backward Monte Carlo method for stu&yi ng
multiple scattering and absorption in spherical—shell atmosphere.

In region of the upper atmosphere where the present study is focused ,
the background photons scattered by either the Rayleigh particles or

the aerosoli~ would reach the sensor most likely by going through
• only a single deflection . A simple calculation can show that a

probability of multiple scattering is quite small and in fact the
FLASH confirms this notion . However , at present, our calculations

of the scattered radiance level are all carried out by the FLASH.

After considerable difficulty running the FLASH during the early

stage of our study, even with the assistance available from Bl~ttner ,

we eventually have succeeded to decipher a general structure of the

FLASH. We believe that the program execution devised by us is

proper. Currently the program runs with the input data specified by

(i) the spectral region in cm~~;

(2) the sensor altitude in kin;

(3) the sensor azimuth angle; and

(14) the solar angles (a set of 7 values). (See Appendi x A

for structure of Job Submit Deck.)

The sensor zenith angles are automatically set for values of 17 tangent

heights ranging from 50 km to i6o kin with 10 km increment . The input

data to the FLASH are first arranged and streamlined by running a
small program called PRFLASH . The source listing of PRFLASH and other

pertinent informations are also given in Appendix A .

Figs. 35 through 37 show the spectral dependence of the scattered

radiance level as a function of the tangent heights. The figure for

150 kin tangent height indicates the Rayleigh scattering of 1/A
14

dependency , reflecting the assumed atmospheric model by the FLASH.

The FLASH computes the scattered radiance level as a function of

the solar angle (I, the sensor’s azimuth angle • and zenith angle p.
Once the single seattt-ring dominates other processes, the radiance



- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~

l evel is essentially controlled by the scattering angle ® only .
The curves shown in Figs. 38 through 140 etc plotted &miaet the

scattering angle 
~J, even though the original data are comp~xted

with various sets of (e~ •, p) . See Fig. 1*1 for these angles.
- These curves stro*ngly indicate that the radiance levels are indeed

a function o~ the scattering angle only, and that other processes

- 
considered in the FLASH are negligible.

The computed results by the FLASH and by the D!X GES are super-
- imposed in Figs. 142 through 145. The cutves by the FLASH are for the
• scattetiflg angle close to 900, the Worst expected case in the

computed results. The curve for the limb vie’ving at 60 km tangent

height shows that the scattering and the emission radiance level are
about equal. Toward higher tangent height, the scattering radiation

falls off more rapidly than the emisSion radiance.

4 

— - -  
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1. Source Listing of PRFLASH and CRW

PRO GRAM PRF LA SH (TAPE1 ,TAPE5-~200B ,TAPE7=20OB ,TApE8=2ooB ,TApE9 ,
1TAPE10~ 200B)
DIMENSION WREF (128 )
DIMENSION A (128 )~~X (16)~~AA (16)
DIMENS ION ATHETA (16)

101 FORMAT (BF1O .3)
102 FORMA T (F7 .2 )
103 F0RMA t (F1 0 .4~~i10)
104 FORMAT (I5~ F8.0)
105 FORMAT (8110)

DO 25 I— l~~128
25 WREF (I)=0.

R E W I N D  7
REWIND S
R E W I N D  S
R E W I N D  9
REWIND 1
READ (7 ,1 01) W ,A L ,AZ
REAII (7 , 101) (A THETA ( I), I-~1 t 7 )
WX -~-W

2’ CONTINUE
READ (10,104) N ,W REF (N )
IF (N.NE.7 0) 60 TO 27
ilO 28 I=39~ i0
L I
IF (W.LL.W RE F (L )) 6 01 029

28 C O N T iN U E
29 LA= L— 1

DO 30 1 3’35
L=I
IF (W.LE.W REF (L )) GO TO 31

() CONTINUE
31 LB=L—1

LC=O
J~ 9
DO 10 1=1 ,9
X (J)=10000./WX
WX WX+20 .
J=J -- -- i

10 CONTINU E
XX ..0.5* (X ( :1 )+X (9)
WA-.W --100.
WB:~WX+100,
CALL CRW (~~p 1 )
CALL CRW ( 2~ 0)
WRITE (5 ,10i) (X C I) , 1=1,6)
WR I 1 E (5, :101) (X C I), 1=7,9)
CALL CRW ( 147 ,1)
W RI TF ( i~ 102)XX
CALL CRW ( 1~~0)
CALL CRW (27 ,1)
CALL CRW (I ,0)
WkI TE (~,,105) LCPLA
CALL CRW (4 ,1)
CALL CRW (1 ,0)
WRIIE (.j,105) LC ,LF4
CALL CRW ( 10 ,i)

56
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T1~
WRITE (S ,101) (ATHETA (I),I=1 ,6)
WR ITE (5 ,101) ATHETA (7)
CALL CRW (3 ,0)
IC 14
W RIIE (5.1 03) AL ,IC
CALL CRW (2 t i )
Y=AL+ 6357.
Z 2 0.+6357.

• DO 20 J~-1~~IC
AX X Z/ Y
AA (J )—1 80.--- (A SIN (AXX )*180./3.1415926)
z=z +10.

20 CONTINUE
DO 21 j--~1,14
AA A= AA (J )-- -~~1
AA B AA (J )+. 1
AZB AZ b- ,I
AZA =AL - --- .i
WR ITE (~~,1O1) A A A P A A ~
WRITE (S ,101) AZA ,A Z~

21 cONr INuE
CALL CRW (28 ,0)
CALL CRW (7~~1)
R E W I N D  9
IF (WB.GE ,12000,) GO TO 60

40 CONTINuE:
READ (9) (A CI ) ,I=1,99)
IF (A (i ) .GE.WB ) GO TO 50
IF( (AC 1) .GE.WA) .AND . (AC 1) .LT .WB) )

1 WRITE <1 ) (A (I),l=1,99)
GO TO 40

60 CONTINUE
DO 70 I--1r 99
AC I)= 0.

70 CONTINUE
A (1 )=WA

71 CONTINUE
WRITE ( 1) (AC 1), 1=1 ,99)
AC 1 )=A ( 1 )+5,
IP (A (1) .LE.WE~) GO 10 7 1
CONTINUE

50 CONTINUE
R E WIND 1
CALL E X I T
STOP
END

57 
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SUBROUTINE CRWU ~.L)
DiMENSION A (16)

100 I ORMAT (8A 10)
110 10 J=1 ,K
READ (8, 100) (AC I), 1 1  p 8)
IF (L.NE .0) WRITE (5~ 100) ¼A ( I)~ 1=1,8)

10 CONTINUE
RETURN
END

1

58
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2. Job Submit Deck .

• T140, CM12000.

A ’ TACH~ FLASH .
• GETIPFLASHDE .

G E T  ~ FLASH B 2
GEl , 1P31’ATA.
CO PYC R,T F-31 : ’A lA , I ’ ~~E1o.
R E W I N D ,  h~FE.I0,
GET, FLAS I-I B
SI\ I PF • I L A SH 2
CO rYE4F ,FL .~,bH, rAI - 19.
PA C I~ ,1AI- E:9 .
COi YCR pINPU I ,1AP E 7.
COPY CR, FLASHLIL, rAPE U.
RE W E N D ,T A F E 7 ’ T A P ES ,T A P E 9 .

F LASH B2. OBJECT PROGRAM OF PRFLASH
COI- YBE F~~~I-l ~~ HP TAP E3,
1-ACK, FA PEI.
REWINL I ,tAI .Li,TAF :E3, F AF:.E~,.
F L A ~3HB . “OBJECT PROGRAM OF FLASH
~EWIND, rAPE4.C O F Y C R , T A F E 4 ~ OU iFUi .
REWINI’,rAPE 4.
COF ’ CR, 1AP [ 4 ,FL ASHOT.
REWIN1 ’,TAPE-~.
COFYCR TAFE :o Ou TPUT ,
EXIT .
REWI NLI ,IAPE6.
COF’YC R, TAP E6,O UTF~U1.
7/8/9

~000 . 200, 67.
24, 34. 44 . 54. 64, 74. 84.
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Tape S

1
PRO I4LEM 200,

1 70 10 0
6.35700E 03

9 20. — 1 .
2 , 3 9 ~~2 1 2.38329 2.37248 2.36128 2.35018 2,33918
2. J2829 2 • ~3i 150 2,30681

,L E 1 l L 1 1 1  •t.ti1 t i [i .11111111 .11111111 •1111111 1 ,11i11111 .1111111 1
. I l 1 1 t t L i  .E :L I. I i 1 1 1  .11111 111

288,2 I.0i3EfO3 0,0
256.5 9 ,836 E-b - 02 0.25
$84.9 9.546E+02 0.5
283.3 9.2641 +02 0,/5
281 • / U • ~O8E+02 1,0
278.4 8 ,4 56E+02 1.5
2/5.2 7,950E+02. 2.0
268, ’? 7 .0 12 1+02  3.0
262.2 6.166E+0 2 4 ,0
255.7 S.405E+0 2 5.0
249,2 4.722E+02 6,0
242.7 4,111E+02 7,0
236.2  3.565E+02 8.0
$29./ 3.080E+02 9,0
‘2 3, 3  2 .6 50E+02 10.0
216,8 2.227E+02 11,0
21.--..7 I.940E+02 12,0
216 ,7 1.658E+02 13.0
‘ Lo ,7  1.4 17E,+02 14.0

216.7 1,211E+02 15,0
2 16 ,7 1.03~iE+O2 16,0
2 16 .? 8. BSO E+O L 11.0
216,1 7. 565E.+O1 18.0
216. 7 6. 467 1 +01 19.0
:16,1 5.529E-401 20,0
2 16. 7 4 . ‘29E- FO 1 21.0
21 .c 4 .048E+0 1 22.0
2 18.o 3.467 E+01 23,0
2 19 , 6  2 , 9 7 2L +0 1  2 4 . 0

.~~0.6 2.549E+Oi 25.0
22 1.6  2. 188E+0I 26.0
2 2 2 .5  1.880E+01 27,0
. 23 .5  1,6L6E+0i 28.0
224 . 5  1.3 9 0 E + O I  29,0
226.5  1.l9iE+01 30.0
.L28.5 8 , 8 9 1 E +O0  32., ()

.-~33,:’ 6,631E+00 34.0
239,3 4.9E35E+00 36.0
244.8 3.771F+00 38,0

- hO
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250.4 2.87 11+00 40 .0
255.9 2 . 20 0 E + 0 0  42.0 - - - - - -

261.4  1.6951+00 44 .0
266,9 1 .313L ~ +00 4 6 . 0  - - - - - - -  - -  -

270.7 1.0231+00 48.0
- - - 270.7 7.9781-01 - 50.0 — — — — - —— - — — — --~~~- ~~~~~~~~~~~~~~~~~~~~~~~~ • - - — - - - — _ !  - - - -  - 

-
265.6 4.27 51—01 55.0

• 255.8 2.2461—01 60.0 - - - • • • • • • - - -  • -

239.3 1.145E-02 65.0 -

2 1 9 . 7  5 . 521E-02  7 0 . 0  - - .  - - -  - - -•  - - ~~  -
201.3 2.4001-02 75.0

• 186.0 9.7451-03 80.0 - _~~~ - .  - -- ~~ - - - - •  — - - -

186.0 3.9861—03 85.0
186.0 1.633E—03 90.0 - - - - - -

199.5 6.9071— 04 95.0
213.0 3.0951—04 100.0 ~~~~~~~~~ -_  - -  - -—

263 .0  7 .6 9 0 E—0 5  110.0
.380.7 2.7331—OS 120.q ~~~~~~~_~~~

_ _ _
~~~~~~~~~~~~~~~~~~~~~~~~ ——.

— - — -

524.3 1.315E —05 130.0 ‘ -644 .8  7.SO1 E--06 140.0 - - -‘ - -  -
750.6 4.6961—06 1 .0.0
848.9 3.1261-06 160.0 - --~ 
942.6 2.1761—06 170.0

_1032.3 1.~~69E—06 - 180.0__ _- __ _ _ __ _ _ _ _ _ _ _- . -~~_-
1117.6 1.1621—06 190.0
1198.4 8.8061—07 200.0 - - - - - - - - -- -  - - —  - -

1271.8 6,7941-07 210.0
1341,8 5.3221—07 220.0 -—-— •~~~~~ — — -  - • •—  - - - -- - -  — - - - - - -
1 4 0 8 . 0  4 . ’22E-07 2 3 0 . 0

- , - 1468.4 3 .3861—0/ 240. 0~~ _ _ 
~~~~~~_. _ •  

1524.7 2.74 1E —07 250 .0
5,91—00 7.641E 15 5.4 1—05 1.274E 13 1.9A01 12 3.5671 13 5.336E 18  0.0

5.45E—00 7 .460E 15 5 .41—05 1.2441 13 1.8651 12 3,4811 13 5.2091 18 0.25
5 ,OE—00 7.281E 15 5 .4 1—05 1.2141 13 1.8201 12 3.3981 13 5.0851 18 .5

4.SS E —00 7.1061 15 5.4E— 05 1.1851 13 1.7771 12 3.316E 13 4.9621 18 0,75
, .4.2E—00 6.9351 15 5.41—05 1.156E 13 1.734E~ 12 3.2361- 13 4.842E 18 - - -1.0 — - - - .
3,55E—00 6.600E 15 5.41-05 1.1001 13 i.650E 12 3.0801 13 4.6 0 91  18 1 . 5

2,9E—00 6.2?9E 15 5.4E-05 1.0461 13 1.5701 12 2.9301 13 4.3841 18 2.0
1.81-00 5 .672E 15 5.OE—05 9.4531 12 1.4181 12 2.6471 13 3,9611 18 3.0
1,11—00 5.111E 15 4.6 1—05 8.519E 12 1.2781 12 2.385E 13 3.5691 18 4 .0
6.41—01 4 .5941 15 4 .61—05 7.6571 12 1.1481 12 2.1441 13 3. 2081 18 5.0

- 3 .B E—01 4 .1181 15 4 .51—05 6.863E 12 -1.0291 12 -1.9221 13 2.875E 18 - - 6 . 0  - - -  -
2.1E —01 3 .680E 15 4 .9E—0 5 6.1341 12 9.201E 11 1.7181 13 2.5701 18 7.0
1.2E—01 3.280E 15 5.2E—05 5.4671 12 8.1201 11 1.5311 13 2.290E 18 8.0
4 .6E —02 2.913E 15 7.11-05 4.8561 12 7.204 1 11 1.3601 13 2.034E 18 9.0
1’.SE—02 2.579E 15 9.OE—0 5 4 .2991 12 6.4491 11 1.2041 13 1.8011 18 10.0
8.21—03 2.276E 15 1.3E—04 3.7931 12 5.6091 11 1.0621 13 1.589E 18 11.0
3.7E—03 1.9461 15 1.61—04 3.243E 12 4 .0651 U 9.0811 12 1.3591 18 • 12.0
1.B E—0 3 1.6631 15 1.7 1—04 2.772E 12 4 .1571 11 7.7611 12 1.1611 18 13.0
8.41—04 1.4211 15 i .9E—04 2.3691 12 3.5531 Ii 6.6331 12 9.9251 17 14.0
7 ,2E—04 1.2151 15 2,11—04 2.025E 12 3.0371 11 5.669E 12 8,4831 17 15,0 - -

6,11—04 1.038E 15 2.4E—04 1.731E 12 2.5961 11 4.846E 12 7,2511 17 16,0
5,21—04 8.8771 14 2.81—04 1.4791 12 2.2191 11 4.1421 12 6,1991 17 17.0
4.41-04 7,5881 14 3.21—04 1.2651 12 1.897E 11 3,541E 12 5,2991 17 18.0 .~~~~~~~ -

• 4,41—04 6.487E 14 3.51—04 1.OBIE 12 1.6221 11 3.0271 12 4.530E 17 19.0
4.41—04 5,5461 14 3.81—04 9.2441 11 1.3871 11 2,580E 12 3.0731 17 20.0
4.81—04 4.723E. 14 3.81—04 7.872E 11 1.1811 ii 2.2041 12 3.2981 17 21.0
5.21—04 4.024E 14 3.9E—04 6.7071 11 1.0061 11 1.870E 12 2.8101 17 22.0
5.71—04 3.431E 14 3.81-04 5.7191 11 8.578E 10 1.601E 12 2.3961 17 23.0

- 6.11—04 2.928E 14 3.61-04 4.8801 11 7.3201 10 1.366E 12 2.045E 17 -- - 
24.0 

-
6.6E—04 2 ,5001 14 3.41—04 4.1671 11 6.2!jlE 10 1.167E 12 1. 7 4 61  17 25,0

6,61—04 2.1371 14 3,11—04 3.5621 11 5.342E 10 9.9721 11 1.4921 17 26,0
- 6,01—04 1,8281 14 2.91-04 3.0471 11 4.5691 10 8.529E 11 1.2761 17 27,0
5.2E—04 1.564E 14 2.6E-04 2.6071 11 3,9111 10 7.3001 11 1.0921 17  28.0
4.41-04 1,3401 14 2.31-04 2.234E 11 3.3501 10 6.~ 52E 11 9.3561 16 29.0
3.61—04 1.1481 14 2.OE—04 1.9141 11 2.8711 10 5.3591 11 8.0191 16 30.0 I i
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2 .01—04 8.4561 13 1.6E—04 1.4091: 21 2.11 41 10 3.946E 11 5.904E 16 32.0
1,4E— 04 6.161IE 13 1 .3E—04 1.0281 1L 1.5421 10 2.8781 11 4.3071 16 34.0
9.11—05 4.5271 13 9.51—05 7.5461 10 1.1321 10 2.113E 11 3 .161E 16 36.0
6.01- 05 3.3481 13 5.91-05 5.5801 10 8.369E 09 1.5621 11 2,3381 16 - 30,0
4.3E-05 2.4921 13 4.91—05 4.1541 10 6,23 11 09 1 .1631  11 1. 740 1  16 4 0 . 0

- 3.OE—05 1.86SF 13 3.51—05 3.1141 10 4.6701 09 8,7171 10 1,3051 16 - 42.0 -
2.11—05 1.4091 13 2.11—05 2 . 3 48 1  10 3 . 5 2 31  09 6. 57 61  10 9.8 3 91  15 4 4 . 0

1.41—05 1.0691 13 1.41—05 1.782F 10 2.6731 09 4.990E 10 7,4671 15 46,0
1,OE-05 8.2131 12 9.01—06 1.3691 10 2,0531 09 3.8331 10 5.7351 15 40.0
6.31—06 6.4061 12 4.01—06 1.0601 10 1.6011 09 2.989E 10 4.4731 15 50.0
2.51—06 3.4981 12 2.01-06 5.8321 09 8.7451 08 1.6321 10 2.4431 15 55,0

1.21—06 1.9081 12 9.61—07 3.1811 09 4.7711 08 8.9051 09 1.3331 15 60.0
4.71—07 1.0401 12 4.21—07 1.7341 09 2.5991 08 4.8511 09 7,1391 14 65.0
2 .OE—07 5.460E 11 1.6E—0 7 9.10:L1: 08 1.365E 08 2.5481 09 3.5861 14 70.0
9.OE—08 2.7041 11 4.01—08 5.1001 08 6.7601 07 1.262E 09 1.7371 14 75,0
1.SE-08 4.9621 10 2.OE--08 9.300E 07 1.241E 07 5.820E 08 3.2511 13 85.0
3.9E—08 1.247E 11 i.3E-08 1.100E 08 3.1181 07 2.3161 08 7,9501 13 80.0

- 5.41-0? 1,9771 10 - 5.61—09 9.3001 07 4.9431 06 9.2271 07 1.332E 13 90.0
1.BE-09 7.5601 09 8.OE-10 1.000E 08 1.890E 06 3.5281 07 5.1901 12 - 95.0
7,51—10 3.111E 09 9.61—11 1.100E 08 7.7781 05 1.452E 07 1.9941 12 100.0
-1.31—10 5.2361 08 2 .71—12 9.0001 07 3.4921 ii 110.0
3,91-11 8.8171 07 1.7E--13 7.0001 07 7.4951 10 120.0
1 .41—11 1.4851 07 8.OE-16 5.200E 07 2.343E 10 130.0

- 6.61-12 2.SOOE 06 7.21-18 3.9001 07 __ _
~~~~~ _ _ ~~~~ 9.7951.. 9 140.0 - -

3.31-12 4.2101 05 5.3E-20 3.0001 07 4.7771 9 150.0

1.51-12 7.0881 04 4.41-22 2.3001 07 - - -- - - 2.5591 9 160,0
7,51—13 1.1941 04 2.4E—26 1.BOOE 07 1.4671 9 170.0
3.61—13 2.O1OE 03 2 .OE—28 1.3001 07 — - _ _  — -  8,825E 8 180,0
1.6E-13 3.3841 02 1,31—30 9.8001 06 5.528E 8 190.0
7,6 --14 5~~~79C 01 7.4001 06 - _~~~~~~~~~~~~~

__
~~~~~~~~~~~~ _ .  3.5721. 8 200.0

3.71—14 9.596E 00 5.5001 06 2.372t 8 210,0
1.81—14 1.6161 00  4.3001 06 - 1.6071 8 220.0
8.71-15 2.721E-01 3.3001 06 - 1.1071 7 230.0
4 .21—15 4.SB1E 02  2.700E 06 : - 7.7481 7 240,0
2.01-15 7.714E—03 1.900E 06 - 5,4911 07 250.0

0.
0. 0. 0. 1. — --—0. - - - -  — 1. - - - --  -

10. 1000.
2.547101 19 0.029501 00 - 1.013301 03 2.881501 02  - - - - -

2.35
0.167340 - 0 .044449 _ _  

~~~ —— - -  . —~~~ _ - - -  -

0.13971 0.20020
1.9891 19 1.9421 19 1.8951 19 1.8501 19 1.8051 19 1.718E 19 1.6341 19 1.476E 19
1.330E 19 1.1961 19 1,0721 19 9.5801 18 8.5371 18 7.5841 18 6.714E 18 5.9231 18
5.0651 18 4.3291 18 3.7001 18 3.1621 18 2.7031 18 2.3111 18 1.9751 10 1.6891 18

4 1,4441 18 1,2291 18 1.0471 18 0,9311 17 7.6211 17 6.5081 17 5.5621 17 4.7571 17
4,0721 17 3.4871 17 2.9091 17 2.201E 17 1.605E 17 1.178E 1/ 8.7141 16 6,4881 16
4 .8631 16 3.668E 16 2.7831 16 2.1381: 16 1.6671 16 9.1OSE iS 5.103E 15 2.661E 15
1.3371 15 6.474E 14 2,9631 14 1.2121 14 4.9651 13 1.947E 13 8.1781 12 1,6201 12
4.008E 11 1.3961 11 6.3571 10 3.336E 10 1,9071 10 1.160E 10 7.3681 9 4,8571 9
3.2931 9 2.291E 9 1.622E 9 1.1671 9 8.5101 8 6.2811 8 - -

1970
6.8 54 4,7 4.0 --~-_ - 3.3 - -~~~ - 2.8 - - - - - -  — -- • - - - -

2.28 1.5 1.0 0,72 0.57 0.6
0.6 7 0.72 0.82 0.92 - - 0.95 - 1.0  - -  - - -

1.15 1.32 1.4 5 1.28 1.25 1.4
1.23 1. 12 0.95 0.77 0.75 0.7  -- . I
0.65 0.60 0 .4 5 0,35 0.25 0.08
0.05 0.05 0.05  0.05  - 0 .05 - 0.05  - -

0.05 0.05 0.05 0,05 0,05 0.05
0.05 0.05 0.05 0.05 0.05 0.05
0.05 0.0 0,0 0.0 0.0 0.0
0.0 0.0 0,0 0.0 0 ,0 0.0
0,0 0.0 0 .0  0.0
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TROFOSPERIC AEROSOLS — HAZE C.

2 1 0 0 0 1 3
100 100 1.
0 54

srRAT 0sFHERIc AEROSOLS — ‘FRIEND PARTICLES’.
2 2 0 0 1 1 3

0.0295
100 100 1.
0 17

ALBEbO = 0,2.
3 1 0 0

0.20000E 00 0.00000E 00 1.00000E 00
TROPOPAUSE AT 10KM ALTITUDE.

4 7 1
--10. 10. 1. 1
10. 1000. 1. 2

0.
RECEIVER VIEW ANGLES FOR RAE’ 200 KM ALTITUDE .

5 7
24. 44. 54. 64. 84. 94
94.

199.9999 14
1 1 1 1
1 1 1 1

103,44 103.44
67.0 6/ .0

103,03 103.05
67.0 67.0

102.66 102 .66
67,0 67.0

102.27 102.27
67.0 67.0

101,89 101.89
67.0 67.0

101.50 101.50
67.0 67.0

101.11 101.11
67.0 67.0

100,73 100.13
67.0 67,0

100.34 100 .34
6/ . 0 67,0
99.57 99.57
67,0 67.0
98.79 98.79
6/.0 67.0
98.02 98.02
67.0 67.0

97.25 97.25
67.0 67.0
96.48 96.48
67.0 67.0

CONSTANTS.
6 2002350

112 20 9 1
0 100E—03 0.100E—03 0.100E—01 0.100E—07 0.200E 02

1 0 1 — 1 — 1
0.60200E—02
0. 0. 1. 1.
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. Tape 10

3 2083, 39 2083.
4 2326. 40 2326.
5 2632. 41 2632.
6 3125. 42 3125.
7 3226. 43 3226.
8 3333. 44 3333.
9 3448. 45 3448.

10 3509 . 46 3509.
11 3571. 47 3571,
12 3636. 48 3636 .
13 3704, 49 3704.
14 3774. 50 3774,
15 3846. 51 3846.
16 4000. 52 4000.
17 4167. 53 4167,

4 18 4348. 54 4348,1* 19 4545. 55 45_45.
20 4762. 56 4762.
21 ~i000. 57 sooo.
22 6452. 58 6452.
23 9434.  59 9434,
24 11905. 60 11905.
25 12500. 61 12500.
26 13149, 62 13149.
27 13333 , 63 13333.
28 14286. 64 14286.
29 16667. 65 16667.
30 [8182. 66 18182.
31 20000. 67 20000.
32 25000. 68 25000 .
33 32258. 69 32258.
34 39216. 70 39216.
35 63091.
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